Stellaria nemorum L. and S. holostea L. (Caryophyllaceae) were investigated for their flavonoids. The new flavonoid 6-C-[(α-arabinopyranosyl)-(1→2)-O-βxylopyranosyl]apigenin (1) and the four known C-glycosides, 6-C-[(α-arabinopyranosyl)-(1→2)-O-β-glucopyranosyl]apigenin (2), apigenin 6-C-βgalactopyranoside-8-C-β-glucopyranoside (3), apigenin 6-C-β-glucopyranoside-8-C-α-arabinopyranoside (4), and apigenin 6-C-β-glucopyranoside-8-C-βxylopyranoside (5) were isolated from the aerial parts of S. nemorum for the first time. Furthemore, five known flavonoids, 3,5,7-trihydroxy-3',5'dimethoxyflavone (9), diosmetin 6-C-β-glucopyranoside (8), schaftoside (4), isoorientin (6) and orientin (7) were obtained from the aerial parts of S. holostea. Compounds 4, 8 and 9 are reported for the first time from this species. The structures of all isolated compounds were unambiguously elucidated by one-and two-dimensional NMR and mass spectral analysis, by acid hydrolysis, as well as by comparison with literature data. The crude extracts of the investigated species exhibited antimicrobial activity against Staphylococcus aureus, while none of the isolated compounds was found to be active.
The genus Stellaria (Caryophyllaceae) includes ca. 120 species of flowering herbacious plants that are widespread mostly in temperate areas and at higher altitudes in tropical areas, often with a cosmopolitan distribution [1] . The most commonly investigated species of this genus are S. media and S. dichotoma, which are used in folk medicine in various countries of the Euroasian region [2, 3] . Phytochemical investigations of these plants showed the presence of C-glycosylflavonoids in considerable amounts [2, 4, 5] . This group of flavonoids has been reported to possess antiproliferative [6] , antidiabetic [7] , antiplatelet, vasorelaxing [8] , and antioxidant [9] activities.
In the present study, two further species of this genus, S. nemorum and S. holostea, were analyzed for their flavonoids. The aerial parts of S. nemorum are known in folk medicine as a remedy against tumors and dermatological problems [10, 11] . S. holostea is also used topically for the treatment of skin diseases and as an expectorant, anti-rheumatic, anti-inflammatory, and antihypertensive agent in Russian folk medicine. Furthermore, the seed extract of S. holostea has shown antibacterial activity against Pseudomonas aeruginosa [12] .
S. nemorum has not been investigated for its secondary metabolites so far. In the present study, one new (1) and four known C-glycosylflavones (2-5) were identified from aerial parts of S. nemorum. Literature data on chemical constituents of S. holostea are also limited. The presence of apigenin C-glycosides in S. holostea has been reported by Boulliant et al. [13] . As a result of our study, three known flavonoids (4, 8, and 9) were identified from the aerial parts of S. holostea for the first time. The two known flavones luteolin-6-C-β-glucoside (isoorientin) (6) and luteolin-8-Cβ-glucoside (orientin) (7) that had been previously reported for this species were likewise isolated [14] . The methanolic extract of the aerial parts of S. nemorum was subjected to liquid-liquid partition to give n-hexane, EtOAc, and n-BuOH fractions. The n-BuOH soluble fraction that contained most of the flavonoids of the crude methanolic plant extract as detected by HPLC analysis was purified by vacuum liquid chromatography (VLC) on reversed-phase silica gel C18, followed by size exclusion chromatography over Sephadex LH-20 and then semi-preparative reversed-phase HPLC to afford two major flavonoids (1 and 2) and three minor ones (3-5). Compound 1 was obtained as a yellow amorphous solid, and its molecular formula was established as C 25 2), C-2 (δ C 166.1), and C-1' (δ C 123.6), as well as from H-8 to C-6 (δ C 109.1), C-10 (δ C 105.2), C-7 (δ C 165.1) and C-9 (δ C 159.1) ( Figure 2 ). The above assignments were in agreement with an apigenin moiety substituted at C-6 [15, 16] . The 13 C (Table 1 ) and HSQC spectra confirmed the corresponding carbon signals and revealed in addition ten oxygenated sp 3 carbons (δc 66.5-106.8), which denoted the presence of sugar moieties. (Table 1) , allowed unambiguous assignment of the C-linked sugar of the disaccharide moiety as β-xylopyranose. The β anomeric configuration of this sugar unit was deduced from the large coupling constant value between H1'' and H2'' ( 3 J 1'',2'' = 9.2 Hz). In the HMBC spectrum, the long range correlation observed between the anomeric proton H-1'' and C-5'' (δ c 71.5) was in agreement with the existence of this monosaccharide in its pyranosyl form. Further HMBC correlations of H-1'' to C-6 (δ C 109.1), C-5 (δ C 162.8) and C-7 (δ C 165.1), confirmed the attachment of the β-xylopyranose unit to the C-6 position of apigenin through a C-glycosidic linkage (Figure 2 ).
NPC Natural Product Communications
In the same manner, the identification of the O-linked sugar was based on the evaluation of the vicinal coupling constants and chemical shifts of the respective protons in the 1 H NMR spectrum (Table 1) Acid hydrolysis of compound 1 yielded a single sugar, which was identified as α-arabinopyranose by TLC analysis of the hydrolysate and by comparison with an authentic standard. In addition, the LC-MS of 1 following acid hydrolysis exhibited a prominent peak at m/z 403 [M+H] + , corresponding to an apigenin monoglycoside. The resistance of the latter to acid hydrolysis further confirmed the C-glycosyl structure, which was in agreement with the aforementioned NMR data. Thus, 1 was identified as a new natural product and was assigned as 6-C-[(α-arabinopyranosyl)-(1→2)-Oβ-xylopyranosyl]apigenin. The absolute configurations for βxylopyranose and α-arabinopyranose are assumed to be D and L, respectively, as commonly encountered in nature and on the basis of analogy with the structures of similar compounds [17, 18] .
During analysis of the 1 H NMR spectrum of 1 in DMSO-d 6 (T=298 K) duplication of 5-OH and 7-OH signals was noticed. This observation is due to the phenomenon of rotamerism that has been described earlier for 6-C-glycosylflavones [16, 19] . In the case of flavonoids, free rotation at the C (sp 3 ) -C (sp 2 ) glycosidic linkage is restricted by steric hindrance. Additional NMR experiments in DMSO-d 6 at increased temperature (298 K, 308 K, 318 K, 333 K, and 353 K) showed coalescence of duplicated signals that proves the existence of compound 1 as a mixture of rotameric conformers in DMSO-d 6 solution (Figure 3 ). Purification of the crude extract included column chromatography using silica gel and Sephadex LH-20 as stationary phases, followed by semi-preparative HPLC. As a result, five known compounds (5-9) were isolated from S. holostea (Figure 1) . These compounds were identified as schaftoside (4), isoorientin (6), orientin (7), diosmetin 6-C-β-glucopyranoside (8), and 3,5,7-trihydroxy-3',5'dimethoxyflavone (9) . Structure elucidation was based on comparison of their 1D and 2D NMR spectroscopic data and mass spectroscopic data with those previously reported [23] [24] [25] . Interestingly, compounds 4, 8, and 9 were isolated for the first time from this plant. The last (9) comprises a rare flavonoid aglycone with an unusual substitution pattern in ring B. To the best of our knowledge, the present isolation of 9 marks its first reported occurrence in the genus Stellaria.
The presence of flavone C-glycosides in the genus Stellaria has been reported for several species, such as S. media, S. dichotoma, and S. holostea. Identification of this specific type of flavonoids in S. nemorum as major phenolic compounds could serve as an additional argument for the consideration of flavone C-glycosides as marker compounds for this genus.
Screening of the crude methanolic extracts derived from the aerial parts of S. nemorum and S. holostea for antibacterial activity against Staphylococcus aureus, Escherichia coli, and Pseudomonas aeruginosa showed that both plant extracts were active only against Staphylococcus aureus. However, all of the isolated compounds were found to be inactive in this bioassay (IC 50 > 64 μg/mL).
Experimental

General experimental procedures:
Optical rotation was measured with a JASCO P-2000 polarimeter. 1 H, 13 C and 2D NMR spectra were recorded on Bruker Avance III 600 spectrometers. Lowresolution ESI mass spectra were conducted on a Finnigan LCQ Deca mass spectrometer (Thermo Finnigan) and high-resolution mass spectra (HRESIMS) on a UHR-QTOF maXis 4G (Bruker Daltonics, Bremen) mass spectrometer. HPLC analysis was performed using a Dionex P580 system coupled to a photodiode array detector (UVD340s (Figure 1 ).
S. holostea:
The dried aerial parts (160 g) were extracted with 90% MeOH at room temperature (3 times maceration for 24 h with stirring). The methanolic extracts were filtered, combined, and concentrated under reduced pressure to yield 24.5 g of crude extract. Ten g of the extract was subjected to vacuum liquid chromatography on silica gel applying a step gradient elution of nhexane/EtOAc, followed by DCM/MeOH, to yield 13 fractions (HF1-HF13). Aliquots of 1 g HF10 (50% DCM/MeOH, 2.9 g) and HF11 (30% DCM/MeOH, 0.89 g), were separated by CC on Sephadex LH-20 (MeOH as mobile phase) to obtain 10 and 13 sub-fractions (HF10.1-HF10.10 and HF11.1-HF11.13), respectively. The sub-fractions HF10.6 (75 mg), HF10.8 (17 mg), and HF11.3 (9 mg) were further purified by semi-preparative HPLC using a gradient of MeOH/H 2 O to yield compounds 4 (1.5 mg), 6 (3 mg), 7 (4 mg), 8 (3.5 mg), and 9 (2 mg) ( Figure 1 ).
6-C-[(α-Arabinopyranosyl)-(1→2)-O-β-xylopyranosyl]apigenin
(1) Yellow amorphous solid.
[α] 23 D : -12.8 (c 0.1, MeOH). UV/Vis λmax (PDA): 216, 270, 338 nm. 1 H and 13 C NMR data: Table 1 .
